Background: Sexually transmitted diseases (STIs) are major causes of morbidity in women. The mechanisms involved in establishment of genital mucosal infection are poorly defined. Objective: To investigate changes in cervical epithelial (CE) CD45+ cell subpopulations in women with microscopic evidence of cervicitis (n=9) and those without (n=12). Methods: CE samples were obtained using cytobrush including matched venous blood. CE and peripheral blood (PB) mononuclear cells were analysed by flow cytometry for CD3+, CD4+, CD8+, CD14+,CD19+, and HLA-DR+ expression. Results: Women with cervicitis had increased CE macrophages compared with those without (p<0.05). MHC class II+ cells were predominant in all cervical samples. Considerably fewer B lymphocytes were found in cervical samples in both groups of women. No changes were observed in cervical T lymphocyte subsets. However, a relative CD8+ lymphocytosis in PB was noted in women with cervicitis.
Introduction
Knowledge of the type and distribution of cells in the cervical mucosa is critical to understanding the pathogenesis of sexually transmitted infections in women. [1] [2] [3] Furthermore, formulating strategies to prevent such infections requires a basic understanding of the local immune response in the female genital tract and its relation to systemic immunity.
Few studies have investigated the manner in which micro-organisms are transported across the mucosa 4 5 and the specific changes in cellular components associated with progression or elimination of such infections. 6 7 In particular, reports on the distribution of immunocompetent cells in the female genital tract in humans have yielded conflicting results, with some workers showing more CD4+ T lymphocytes than CD8+ T lymphocytes, 8 9 while others found CD8+ T cells to be the major T lymphocyte subset. 10 A dilemma that confounds interpretation of these findings in most studies concerns the variability in the methods used to collect samples, subject selection, and the diVerent assessment techniques.
The cytobrush technique overcomes many of these problems and is an appropriate method for quantitative analysis of cervical cells. We have previously used this non-invasive cervical sampling method to quantitate leucocyte subsets within the cervical epithelium of healthy women using fluorescent activated cell sorter (FACS) analysis.
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The aims of the study were, firstly, to investigate changes in lymphocyte and mononuclear phagocyte populations in cervical epithelium of women with and without cervicitis and, secondly, to compare and contrast such changes with matched peripheral blood from the same individuals.
Methods

SUBJECTS AND MATERIALS
The study group consisted of 21 women attending the genitourinary medicine department for sexual health screening or seeking investigation of vaginal discharge. Details of the menstrual and sexual history including parity, contraception method, number of sexual partners in the preceding 3 years, and previous sexually acquired infections were obtained from all women. None of the participants was taking immunosuppressive, antiinflammatory, or antibiotic therapy at the time of study. The study received approval from the local hospital ethics committee. All women underwent a standardised speculum examination including cervical inspection for presence of mucopus, oedema, ectopy, and erythema.
The ectocervix was wiped clean with a large swab and samples of endocervical secretions obtained using the microloop technique, then smeared directly onto slides for screening of Chlamydia trachomatis using direct immunofluorescence (Syva MicroTrac, UK). In addition, cervical swabs were cultured for Neisseria gonorrhoeae and herpes simplex virus (HSV) using standard methodologies. Gram stained preparations were examined for polymorphs, epithelial cells, candida spp, and bacteria, and wet smears for Trichomonas vaginalis.
A fine cervical cytobrush (Medscand AB, Sweden) was placed within the cervical canal and samples of cervical epithelium obtained as previously described.
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A heparinised venous blood sample was obtained at the time of cervical sampling for peripheral blood mononuclear cell (PBMC) analysis. Since variations in sex hormones are known to influence immunological function and lymphocyte populations in peripheral blood, 12 cervical and venous blood samples were collected during mid-cycle (median 13 day, range 6th and 28th day of the menstrual cycle). Matched cervical and blood samples were transported to the laboratory and processed within 2 hours of collection.
MICROSCOPIC ASSESSMENT OF INFLAMMATION IN CERVICAL EPITHELIUM
Cervicitis has previously been defined on the basis of visual presence of mucopus in endocervical exudate, 13 histological examination of the cervix, 14 or quantitation of leucocytes in cervical exudate. 15 Only the latter method was used for assessment of cervicitis in this study.
Gram stained endocervical smears were evaluated independently by one microscopist (MK).
Polymorphonuclear leucocytes (PMNL) were counted in five non-adjacent oil immersion fields (×1000). The number of PMNLs per high power field (HPF) was recorded as either 0-40 per HPF or greater than 40 per HPF. Women showing less than 40 PMNLs per HPF were considered normal whereas those with greater than 40 PMNLs per HPF comprised the cervicitis group.
IDENTIFICATION OF MONONUCLEAR CELLS FROM CERVICAL AND PERIPHERAL BLOOD SAMPLES
Mononuclear cells from cervical and peripheral blood were isolated and surface stained using a panel of mononuclear antibodies to determine cellular phenotypes as previously described.
STATISTICAL ANALYSIS
The Student's t test was used to determine the significance of diVerences in cellular subpopulations between women with cervicitis and those without. Values of p <0.05 were considered significant.
Results
PATIENT CHARACTERISTICS
The clinical and sociodemographic features of the subjects are shown in table 1. All participants were HIV antibody negative on standard ELISA testing. Microscopic evidence of cervicitis as previously defined was found in 12 subjects and absent in nine participants. In general, the two groups of women were comparable with regard to age, presenting symptoms, marital status, and history of previous exposure to sexually transmitted infection. However, use of the oral contraceptive pill was more common among women with cervicitis than those without. Four women with subsequently proved microbiological diagnoses of C trachomatis, N gonorrhoeae, and HSV were excluded from analysis.
CERVICAL CELL SUBSETS
The results of immunofluorescent staining of cervical intraepithelial cells and matched PBMC using purified monoclonal antibodies are summarised in figure 1. Overall the mean number of cervical CD3+ T lymphocytes per 10 000 events in women with cervicitis was no diVerent from those without cervicitis (118 (SD 26); 130 (47) respectively, p=0.81). Mean CD4+ counts were similar in both groups of women (cervicitis 72 (28), without cervicitis 61 (14) , p=0.72) and the same was true for CD8+ T lymphocytes (cervicitis 52 (19) , without cervicitis 48 (11) p=0.86). Of interest, B lymphocytes were almost absent in all women (cervicitis five (two), without cervicitis two (one), p=0.28).
HLA-DR+ cells made up the highest proportion of the leucocytes acquired from cervical samples, and their presence in large numbers was independent of whether samples were from women with cervicitis (392 (65)) or without (417 (65)), p=0.79. Thus, the dispersion of HLA-DR+ cells in cervical epithelium did not appear to vary with inflammation. However, women with cervicitis were shown to have higher macrophage counts (228 (26)) compared with those without cervicitis (128 (31)), p <0.05.
PERIPHERAL BLOOD CELL SUBSETS
The mean counts of CD3+ T lymphocytes, B lymphocytes, and MHC class II+ cells in peripheral blood per 10 000 events were clearly Key messages + Cytobrush sampling flow cytometry is an appropriate method to identify and quantify immune cells in the endocervical epithelial layer in normal, healthy women and women with cervicitis. + Women with cervicitis had higher number of macrophages, not lymphocytes, in endocervical epithelium compared with those without. + MHC class II cells were dominant CD45 mononuclear cells harvested in both groups of women supporting the concept that most endocervical epithelial cells are capable of presenting antigen to T lymphocytes. + In contrast with cervical epithelia, a relative CD8 T lymphocytosis was detected in peripheral blood of women with cervicitis compared with those without, the significance of which is uncertain. The frequency of T lymphocytes in peripheral blood was approximately 40-50-fold higher than that in cervical epithelium. Fewer numbers of B lymphocytes were observed in peripheral blood and these cells were almost absent in cervical epithelium of either group of women. Monocyte/macrophage numbers were approximately 5-10-fold greater in peripheral blood compared with cervical epithelium. In addition, expression of the MHC class II determinants (HLA-DR+) in cervical epithelium was decreased fivefold compared with peripheral blood. Thus, within the two compartments there were diVerences in the predominant cell types found between women with cervicitis and those without cervicitis. Whereas cervical macrophage numbers showed higher proportions in women with cervicitis compared with those without, the same was not true for peripheral blood. In addition, the relative CD8+ T cell lymphocytosis in peripheral blood of women with cervicitis was not seen in corresponding cervical samples.
Discussion
Our findings suggest individuals with cervicitis have increased numbers of cervical intraepithelial macrophages compared with those with non-inflamed cervix. Polymorphonuclear leucocytes are commonly found in cervical mucus in the absence of infection or inflammation. Surprisingly, studies of cervical exudate have not demonstrated a corresponding increase in macrophages in such samples. Thus, the local influx of macrophages in inflamed cervical epithelium may represent part of the mucosal immune response to an unidentified microbial pathogen or the body's attempt to repair injured epithelium. 16 17 In this study, the total numbers of cervical epithelial T lymphocytes did not increase in women with cervicitis. This observation is unexpected and contradicts that of Levine et al who found significantly increased numbers of endocervical CD4+ cells in women with cervicitis. 18 Of note, many subjects in the latter study had florid chlamydial or gonococcal cervicitis whereas most individuals in our study showed milder degrees of inflammation and were without identifiable pathogens. However, we are unable to discount the possibility that factors such as local pH changes, 19 timing of last sexual intercourse, 20 and use of mechanical barrier contraception may have influenced cervical lymphocyte numbers in either group of women.
The paucity of B lymphocytes in cervical epithelial samples of women with cervicitis is more diYcult to explain. These cells were similarly almost absent in cervical samples from normal healthy women. 11 Loss of the CD19 marker during terminal diVerentiation of B lymphocytes into plasma cells in cervical epithelium is a plausible, though less likely, explanation since both types of cells tend to be particularly prominent in the lamina propria of the human endocervix at histology and are considered responsible for the IgA and IgG concentrations in cervical secretions. 21 22 In contrast with findings in cervical epithelia, elevated levels of CD8+ T lymphocyte counts were found in peripheral blood of women with cervicitis. This is of interest since CD8+ T lymphocytes are a critical component of host resistance to intracellular pathogens, in particular, viral infections. 23 24 Further CD8+ T lymphocyte subset characterisation using other surface markers including functional analysis are in progress to ascertain the significance of this observation. Whether women with a relatively larger pool of circulating CD8+ T lymphocytes are better able to contain sexually transmitted infections or more susceptible to such infections remains to be determined. These above findings should be interpreted in the context of a limited clinic sample of women at risk of sexually transmitted infection and, therefore, cannot be applied to the general population. Variations in the numbers and phenotype of cervical epithelial cells in the female genital tract including expression of MHC class II+ molecules (HLA DR+ positive cells accounted for the highest proportion of cells acquired from cervical samples among both groups of women) have been shown to depend on the stage of the menstrual cycle. 12 25 26 It can be argued, therefore, that our findings merely reflect hormonal regulation of immune cells in cervical mucosa at the time of sampling-namely, mid-cycle or oral contraceptive pill use rather than response to antigenic challenge. Furthermore, quantitation of polymorphonuclear leucocytes in cervical exudate does not reliably provide a detailed picture of cervical inflammation.
Taken together, however, our data suggest cervical epithelial macrophages constitute a significant part of the immune response in women with cervicitis. Furthermore, cells capable of immune recognition and protection in the cervix may function somewhat independently of systemic immunity. The manner in which local mucosal and systemic immune cells interact to repel or enhance susceptibility to sexually transmitted infection requires further elucidation.
